Study on molecular characteristics of Salmonella from clinical isolates was done in order to find out its relationship, especially those isolated from Indonesia. Partial sequence of genes belonging to QRDR region, i.e. gyrA, gyrB, parC, and parE were employed. Specific primer pairs covering those genes are used to amplify the bacterial DNA obtained. The amplicons were then analyzed by means of sequencing, and the sequences are analysed bioinformatically to find out similarities and build phylogenetic trees. By comparing all of the phylogenetic tree from QRDR region, this study revealed gyrA as the most suitable gene for rapidly identify member of salmonellae as it gives better separation of samples being analysed. However, the use of parC is recommended as it gives a consistent and reliable value to separate member of Salmonella and other Enterobacter. Further studies are under way to include member of this group, like E. coli, and the use of full sequence of QRDR genes region to verify this report.
Salmonellae are a diverse group of gram-negative bacteria and consist of a number closely related organisms belonging to the family Enterobacteriaceae. For a long time, the taxonomic classification and nomenclature of this group changed several times. The last classification systems have been validly proposed for two-species systems, Salmonella enterica and Salmonella bongori (Chang et al. 1997) . Currently, Shelobolina et al. (2004) discovered Salmonella subterranea sp. nov. as a new species belongs to the genus Salmonella.
In addition to the taxonomic classification of twospecies systems, the salmonellae were categorized by serotype. There are over 2,500 serotypes associated with gastroenteritis and typhoid fever in human. The majority of these serotypes are often extremely difficult to be separated based on its biochemical characteristics. Therefore, it would be useful to classify these groups based on molecular typing methods.
Molecular phylogenetic approach for classification of salmonellae is important due to the increased spread of Salmonella strains, especially Salmonella enterica serovar Typhi (S. Typhi) with fluor oquinol one reduced susceptibility. Reports already available mentioning the use of genetic traits to differentiate this bacteria (for example: Tajbakhsh et al. 2011 , Muthu et al. 2014 . Nalidixicacid resistant of S. Typhi (NARST) strains with decreased susceptibility -1 to ciprofloxacin (0.125-1 µgL ) becomes a major problem in the Indian subcontinent (Capoor et al. 2007) , and molecular analysis showed mutations of Vol.9, No.1, March 2015, p 1-8 some genes in quinolone resistance-determining region (QRDR). It was reported, a point mutation in QRDR of the gyrA gene at various sites, especially at codons coding for serine at position 83 and aspartate at position 87 (Afzal et al. 2013) . Other mutation was observed in the genes coding for DNA gyrase (gyrA or gyrB) or topoisomerase (parC and parE) in the resistant strain (Muthu et al. 2014) .
It was reported earlier some S. Typhi strains are resistant to nalidixic acid. The taxonomic classification of these strains based on 16S rRNA gene showed the sensitive and resistant isolates can not be separated into different clades (Amarantini and Budiarso 2013) . Detailed analysis for bacterial phylogenetic relationships through the QRDR of the gyrA and gyrB subunits of DNA gyrase and the parC and parE subunits of topoisomerase IV might be possible for a better classification than 16S rRNA regions. The present study was done to assess the use of gyrA and gyrB genes in QRDR and parC and parE genes in topoisomerase IV for determining the phylogenetic relationship among sensitive and resistant S. Typhi isolates.
MATERIALS AND METHODS
Bacterial Strains. Four isolates used in this study were obtained from the previous research (Amarantini and Budiarso 2013); i.e. two nalidixic acid-resistant and two nalidixic acid-sensitive isolates. Two isolates from reference collection of PT Biofarma (S. Typhi NCTC 786) and BLK Yogyakarta (S. Typhi O) were also included.
DNA Isolation. All isolates were cultured in Brain Heart Infusion Broth at 37 °C for 18 h prior to DNA extraction. To isolate chromosomal DNA, 1 ml of overnight culture were put into a 1.5 mL centrifugetube and were centrifuged at 5000 rpm, 15 min to obtain the cells. Isolation of DNA was carried out in accordance with the phenol-chloroform-isoamyl alcohol method (Sambrook et al. 1989) .
PCR Experiments of QRDRs of the gyrA, gyrB, parC, and parE Genes of S. Typhi. DNA isolated from bacterial strains were amplified by PCR using spesific primer (Table 1) for gyrA, gyrB, parC, and parE (Ling et al. 2003) . The PCR was performed using TM DreamTaq Green PCR Master Mix in total reaction TM volume of 50µL containing 25µL of 2x DreamTaq Green PCR Master Mix, 1 µL of 1 µM primer stocks, and 1 µL of template DNA.
The PCR reaction mixtures were amplified for 35 cycles with initial-denaturation at 95 ºC for 5 min, denaturation at 94 ºC for 1 min, annealing at 52 ºC for 1 min, and extention at 72 ºC for 1 min, with a final extension at 72 ºC for 5 min. An aliquot of 5 μL of each amplified product was electrophorese in 1.2% (wt/vol) agarose gel using 1x TBE buffer gel stained with Sybr® Safe DNA stain (Life technologies). A 100-bp DNA ladder (Fermentas, Germany) were included as molecular weight marker.
DNA Sequencing and Phylogenetic Analysis. PCR products were purified and sequenced by outsourcing the samples to Macrogen Inc, Korea. The nucleotide sequences were edited and assembled using SeqMan and EditSeq (DNA Star, Laser Gene 6, Madison, W I, U S A). Phylogenetic tree was constructed with Mega v5 (Tamura et al. 2011) with the neighbor-joining algorithm (Saito and Nei 1987) . The evolutionary distance matrix for the neighborjoining method was generated in accordance with the description introduced by Jukes and Cantor (1969) . The matrix of the nucleotide similarity and difference was generated with PHYDIT software (Chun 1999).
RESULTS
We have amplified and sequenced two DNA fragments of S. Typhi containing gyrA and gyrB QRDRs. We also used two pairs of primers to amplify 
the parC and parE QRDRs. As expected, two amplification products of 435 and 297 bp were obtanined and their nucleotide sequences were determined. From these sequence data, we construct the phylogenetic structure and determine the genetic relationship among the nalidixic acid-sensitive andresistant isolates.
As shown in Figure 1 , the phylogenetic analysis determined by gyrA sequence clearly separate the sensitive and resistant isolates into different clusters.
Two resistant isolates (BPE 127.1 MC and BPE 122.4 CCA) were delineated using the gyrA gene. The percentage similarity within each strains ranged from 73.25-93.35% (Table 2 ). In contrast to the gyrA dendogram, the phylogenetic structure of Salmonella on the basis of gyrB gene sequences (345 bp) were not able to distinguish the sensitive and resistant isolates (Fig 2) . The resistant isolates were grouped as the same cluster with the sensitive isolates. Unlike the gyrA dendogram, the similarity percentage between each strains were nearly equal ranging from 98.94 -100% (Table 3) . Figure 3 shows the phylogenetic structure of Salmonella based on parC gene sequences. The phylogenetic analysis determined by parC sequence give rise to a tree structure which clustered all the test strains into a cluster, with control strain S. Typhi O BLK separated into different cluster as a sole species. This finding is supported by the nucleotide similarity index value above 99.0% (Table 4 ).
An almost similar phylogenetic tree structure (Fig  4) was revealed when we analyzed the isolates based on parE gene sequences. All the tested isolates are separated into a cluster which also included some member of Enterobacter. However, a lower nucleotide similarity index was observed compared to the one produced which is based on parC gene sequences (Table 5) . A lower bootstrap value was also observed, emphasizing the consistency of isolates separation based on parC gene. 
DISCUSSION
DNA sequence analysis has become increasingly popular in determining the evolutionary relationships of bacteria (Tajbakhsh et al. 2011) . In the present study we therefore determined the phylogenetic structure for six strains belonging to S. Typhi based on partial gyrA and gyrB sequences. The test strains comprised of two groups, resistant and susceptible to nalidixic acid.
Results of phylogenetic structure showed that all of the test strains were sharply separated, but the topology of the tree based on gyrA gene was very different to that of the gyrB. The phylgenetic tree based on gyrA gene showed that the resistant strains were organized into different clusters. Our data indicated that the gyrA nucleotide sequences showed much higher variations than gyrB. The maximum and minimum nucleotide similarityamong S. Typhi strains based on gyrA sequence was 93.35% and 73.25%, respectively ( Table  2 ). The phylogenetic tree based on gyrB gene grouped all six S. Typhi strains togetherin a single cluster (Fig  2) . Data showed that the nucleotide sequences from these groups were very similar (Table 3) ranged from 98.94 -100%.These factsindicated that they exhibited the closest relationship. Souza et al. (2011) observed that non-fluorine quinolones such as nalidixic acid may be sufficient to generate mutations that alter the susceptibility of Salmonellaspp to fluoroquinolones. Mutations have rarely been reported in the gyrB gene (Ling et al. 2003) . So, it is clear that the higher genetic variation in term of nucleotide similarity of gryA in the test strains may be mainly due to mutations.
In general, the phylogenetic tree based on gyrA and gyrB genes showed the separation isolates into several clades with a better separation compared to the one based on 16S rRNA gene from the previous research (Amarantini and Budiarso 2013) . The major difference is the position of the resistant isolates (BPE 122.4 CCA * * R and BPE 127.1 MC R ) which clustered with the sensitive isolates in their analysis (Fig 5) . The similarity values of 16S rRNA were higher than the gyrA and gyrB sequences (Table 6 ). They showed the closest 16S rRNA relatedness values ( 99.42 % ≥ similarity) among all of the test strains.
Comparison of gyrA and gyrB sequences and 16S r R N A sequences for phylogenetic analysis demostrated that taxonomy based on 16S rRNA typing methods may not be enough for the delineation phylogenetic differences at the spesies level. The 16S In the present study, we also noted that the application of gyrA typing showed a better classification than gyrB. The gyrA gene exhibited high variation in nucleotide sequences (73.25 -93.35% similarity). Because of this, the gyrA gene provided higher resolution than the gyrB gene. It is, therefore encouraging that gyrA was found to be the best marker for classification.
Based on these results, it is clear there are nucleotide polymorphisms occur among gyrA, gyrB, parC, and parE which result in defined clustering of the tested isolates. Nonetheless, it is recommended to employ parC as a preferred gene to distinguish Salmonella and its close relative, like member of Enterobacter, as it is sensitive and specific. A further study need to be done to ensure this assumption as full sequence of each QRDR genes were not included in this study.
